The purpose of the present work was to characterize promising starter culture strains of Lactobacillus plantarum isolated from naturally fermented artisanal sausage manufactured in the northwestern region of Rio Grande do Sul state, Brazil. From 127 isolates of homofermentative, Gram-positive and catalase-negative lactic acid bacteria, ten isolates were randomly selected and the phenotypic characterization and speciesspecific PCR were performed. Genomic DNA from each isolated strain and from the reference strains L. plantarum ATCC 8014 and L. pentosus ATCC 8041 were amplified using two pairs of L. plantarum speciesspecific primers (16/Lpl and LbP11/LbP12). The results of the phenotypic characterization and speciesspecific PCR indicated that five out of ten isolates were Lactobacillus plantarum.
INTRODUCTION
Modern food biotechnology has moved a long way since ancient time of empirical food fermentations. The addition of desirable microorganisms (starter culture) to meat products attend different purposes such as: to improve safety (inactivation of pathogens), to improve stability (extension of shelf life by inhibiting undesirable changes brought about by spoilage microorganisms or abiotic reactions), to provide diversity (modification of the raw material to obtain new sensory properties) and to provide health benefits through positive effects on the intestinal microbiota (14) . A starter culture can be defined as a microbial preparation containing a large numbers of cells of at least one type of microorganism to be added to a raw material to produce a fermented product by accelerating and steering its fermentation process (13) .
According to Drosinos et al. (9) , generally, starter cultures consist of lactic acid bacteria, Gram-positive catalase-positive cocci, yeasts and moulds, depending on the sausage type. Lactic acid bacteria possess the main role in this microbial consortium; they affect both the technological properties and the microbial stability of the final product through the production of lactic and acetic acids and the consequent pH decrease.
A further requirement of a starter or protective culture is that it must be able to contribute to the desirable changes in the meat products. These desirable changes should be brought about better by the starter culture than by the biota present on the meat. The reduction of the pH by the lactic acid secreted by lactic acid bacteria is one example of these desirable changes (11) . The abilities of the lactic acid bacteria, in particular lactobacilli, to reduce the pH and to produce bacteriocins prevent the growth of pathogenic and spoilage microorganisms, improving the safety and conservation of meat products (2, 6, 8, 10, 15, 16, 22) .
Among lactobacilli, Lactobacillus curvatus, L. sakei and L. plantarum are the species most widely isolated from naturally fermented meat products (1) (2) (3) 9, 17, 19, 25) . However, meat fermentation by the natural lactic acid microbiota can sometimes fail, resulting in products of poor quality; for this reason, the addition of starter cultures has been recommended and has become common in the manufacture of several types of fermented sausages. In the production of traditional fermented sausages, it is important to use starter cultures consisting of lactobacilli isolated from local products which are well adapted to the particular product and to the specific production technology and which contribute to the generation of the traditional flavor of the product (4) .
The aim of the present work was to characterize Lactobacillus plantarum isolated from naturally fermented artisanal sausage produced in the northwestern region of the Rio Grande do Sul state, Brazil, as a first stage in order to investigate the technological properties (as starter culture) of lactic acid bacteria isolated from local products.
MATERIAL AND METHODS

Bacterial strains and growth conditions
Aiming to select few promising starter cultures strains, only ten strains (codified: AJ2, AL2, R2, AF5, AD3, AN3, AM2, C5, AP3 and AB4) were randomly selected from 127 strains of lactic acid bacteria homofermentative, Gram-positive and catalasenegative. These strains were obtained of a total of 168 strains of lactic acid bacteria isolated from 42 samples of artisanal sausage, from the first 7 days of the fermentation, manufactured without the addition of starter culture, from 21 different origins (household scale), in the northwestern region of the Rio Grande do Sul state.
Reference strains of the closely related species Lactobacillus plantarum and Lactobacillus pentosus were acquired from the Collection André Tosello Foundation: L. plantarum ATCC 8014 and L. pentosus ATCC 8041. All strains were grown on MRS agar (Merck) plates incubated anaerobically at 37ºC for 48 h. They were sub-cultured twice (1% inoculum, 24 h, 37ºC) in 10 mL MRS broth and kept frozen at -50ºC in the presence of 20% glycerol.
Phenotypic characterization
The ten selected strains and the reference strains were tested for gas production from glucose (tested in MRS broth at 37ºC for 48 h) and catalase activity. Gram-staining and cell morphology was observed using an optical microscope (23) .
Growth at different temperatures was observed on MRS agar plates after 3 days of incubation at 8ºC and 45ºC. Growth at different pH values was observed after 3 days of incubation at 37ºC on MRS agar plates adjusted with HCl (1M) to pH 3.9 and 9.6. Growth at different salt concentrations was observed after 3 days of incubation at 37ºC on MRS agar plates added with 7% and 10% NaCl.
For the fermentation test, swab of each culture of Lactobacillus isolated and each type strain grown on MRS agar plates (incubated anaerobically at 37ºC for 48 h) was suspended in API 50 CHL medium (API systems, BioMérieux). Using sterile pipette, homogenized suspension of the cells in the medium was distributed into each of the 50 wells on the 50 CH strips. All wells were overlaid with sterile paraffin oil (Merck) to affect anaerobiosis. Strips were moistened and covered as recommended by the manufacturer and incubated at 37ºC. Changes in color from violet were monitored daily for 5 days. The strips were read after the incubation time and each test was interpreted: positive (+) samples were denoted by a change in color to yellow; no change in color indicated negative (-) samples; and the samples that changed to another color were doubtful (?). The first strip was used as a control well. An esculin hydrolysis (revealed by a change to darker color or black) was represented by a positive sign while a negative sign represented no change.
DNA isolation
Reference strains (L. plantarum ATCC 8014 and L. pentosus ATCC 8041) and ten selected strains were submitted to PCR analysis. A 1.0 mL aliquot of each overnight cultures (grown in MRS broth at 37ºC) was centrifuged at 13,000xg for 2 min at room temperature to pellet cells. Bacterial DNA was isolated by Wizard® Genomic DNA Purification Kit (Promega) using mutanolysin (18) according to the 'Isolation of Genomic DNA from Gram Positive and Gram Negative Bacteria Protocol' provided by the manufacturer.
Primers and PCR conditions
Genomic DNA of each strain isolates and of each reference strains L. plantarum ATCC 8014 and L. pentosus ATCC 8041 were submitted to PCR using L. plantarum and L. pentosus species-specific primers.
Two primer pairs (Invitrogen) were used to identify L. plantarum. The PCR specific identification of L. plantarum was performed using the primers LbP11 (5'AATTGAGGCA GCTGGCCA3') and LbP12 (5'GATTACGGGAGTCCAAGC3') according to Quere et al. (18) or the primers 16 (5'GCTGGATC ACCTCCTTTC3') and Lpl (5'ATGAGGTATTCAACTTATG3') according to Berthier and Ehrlich (5) . The PCR specific identification of L. pentosus was performed using the primer pair 16 (5'GCTGGATCACCTCCTTTC3') and Lpe (5'GTATTC AACTTATTAGAACG3') according to Berthier and Ehrlich (5) .
Twenty-five µL of reaction mixture containing 80 ng of bacterial DNA, 0. 
Gel electrophoresis was carried out by applying 15 µL of PCR products to 2.5% agarose gel. Gels were run for 50 min at 80 V in TEB (tris-borate-EDTA) electrophoresis buffer. A DNA molecular weight marker 50 bp DNA Ladder (Promega) was used as standard. Gels were visualized by UV illumination after ethidium bromide staining.
RESULTS AND DISCUSSION
The identification of the Lactobacillus species that dominate the microbiota of fermented sausages is an important step in the development of new starter cultures for meat fermentation (4) . In the present study among the 168 strains of lactic acid bacteria isolated, 127 strains (75.6%) were characterized as lactic acid bacteria homofermentative, Gram-positive and catalasenegative. Among the 127 strains, ten isolates were randomly selected and the phenotypic characterization and speciesspecific PCR were performed.
The homofermentative lactobacilli are suitable as starter cultures for sausage because they produce only lactic acid from the sugars available, while the heterofermentative lactobacilli produce acetic acid, ethanol and carbon dioxide in addition to lactic acid (11) . The higher concentrations of acetic acid result in a pungent off-flavor and the formation of higher amounts of carbon dioxide leads to the development of cavities of different sizes (7) . All ten random selected isolates were able to grow at pH 3.9 and 9.6 at 37ºC on MRS agar. Four isolated strains (AL2, AP3, AD3 and AM2) were able to grow on MRS agar, supplemented with 7% NaCl and one isolate (C5) was able to grow on MRS agar supplemented with 10% NaCl. All isolates were able to grow on MRS agar at 8ºC, but only three isolates (C5, AN3 and AM2) were able to grow at 45ºC (Table 1) .
In meat fermentation the physiological activity of microorganisms brings about desirable changes which decisively determine the character of a product. The ability of strains to grow at pH 3.9 is a significant factor because the most important change brought by lactic acid bacteria in a ripened meat product is the lowering of the pH by the secretion of lactic acid (11) . The decrease of pH in sausage causes various effects and interactions. The most important effects are coagulation of the meat proteins; all reactions necessary for color formation and improvement of the stability (7). Due to decreased water-binding capacity of the meat proteins, the acidification accelerates drying out, and thus shortens the processing time (12) . NaCl tolerance is another significant factor for choosing a strain as starter culture in dried fermented products (21) . A strain able to grow in 6.5% NaCl might result from a selection of strain resistant to the high salt concentration during sausage processing. NaCl-sensitive strains, present at the beginning of the process, would stop growing when NaCl concentration becomes too high (1) .
The interpretation of the fermentation profiles (Table 2 ) was facilitated by the use of the data base "API-WEB" (BioMérieux) in which the identification of an organism is accompanied by the following information: the percentage of identification (% id), that is, an estimate of how closely the profile corresponds to the stated taxon relative to all the other taxa in the data base.
The results of the phenotypic characterization suggests the L. plantarum reference strain and the strains AJ2, AD3, AN3 and AM2 as L. plantarum with % id ≥ 96.7; the strain AL2 as L. plantarum with 72% and as L. pentosus with 27.3%; the strains AF5, C5 and AP3 as Pediococcus pentosaceus with % id ≥ 96.5. For the R2 strains, a clear species or subspecies assignment was not possible because of the doubtful profile of sugar fermentation, evidenced by the % id for L. plantarum and L. pentosus. The strain AB4 presented doubtful phenotypic characterization as L. pentosus and Lactococcus lactis ssp lactis.
PCR analysis using species-specific primers for L. plantarum were carried out for the ten isolated strains. Using 16/Lpl primers, the L. plantarum type strain and seven isolated strains (AJ2, AL2, R2, AF5, AD3, AN3 and AM2) gave a PCR product of approximately 220 bp (Fig. 1) , as reported by Berthier & Ehrlich (5) . Using LbP11/LbP12 primers, the L. plantarum type strain and the same seven isolated strains gave a PCR product of 250 bp (Fig. 2) , as reported by Quere et al. (18) . Using species-specific primers for L. pentosus 16/Lpe, amplification was observed only for L. pentosus type strain, isolated strains did not give any amplification (data not shown). According to Berthier and Ehrlich (5), the 16/Lpl and 16/Lpe primers allow distinguishing the closely related species L. plantarum and L. pentosus. These primers are complementary to variable sequences in the 16S/ 23S DNA spacer regions of L. plantarum and L. pentosus.
A clear identification of species, especially within the genus Lactobacillus, may sometimes be difficult using phenotypic methods such as sugar fermentation patterns due to an increasing number of lactic acid bacteria species which vary on a small number of biochemical characteristics (18) . Reenen and Dicks (20) conclude that similar reactions of fermentation of sugars are not enough for phylogenetic classification of L. plantarum and L. pentosus, because significant similarity exists between the two species in these reactions. Although phenotypic techniques such as the API 50CHL system are still being taken as powerful tools capable of discriminating among the species of Lactobacillus, the use of genetic methods for 
-means negative result, + means positive result and ? means doubtful result as described in material and methods.
Lactobacillus taxonomy has become the backbone for a reliable identification (24) . The phenotypic characterization corroborates with speciesspecific PCR for the L. pentosus ATCC 8041 and the L. plantarum ATCC 8014 reference strains and for the isolated strains AJ2, AL2, AD3, AN3 and AM2, but not for the strains AF5 and R2 (Table 2 ). Further analysis is necessary to identify AF5 and R2 strains. Thus, the five strains AJ2, AL2, AD3, AN3 and AM2 isolated from naturally fermented artisanal sausage and identified as L. plantarum could be used as starter cultures, AL2, AD3 and AM2 are the most promising ones because they are salt tolerant. 16S rDNA sequencing will be applied to confirm the identification of AJ2, AL2, AD3, AN3 and AM2 strains. 
